Copper, Pb, Zn, Ni, Co, Mn, AI, Ca, magnetic susceptibility and loss on ignition of sediments from two cores near Mangalore along the western continental shelf of India have been studied. The sediments have high Al and organic matter contents due to the high sedimentation rate and their proximity to river mouths. Down-core variations of elements indicate a decrease of lithogenous component during probably the past few centuries. While abundance of calcareous shells in some zones has lead to the dilution of most of the metals, it appears that Pb and Mn are associated with this phase. Copper, Zn and Fe are associated with organic matter and detrital particles, whereas Ni and Co are predominantly associated with the insoluble fraction. Oxides/hydroxides of Fe and Mn are absent because of the reducing conditions and the high terrigenous influx. Geochemically, Mn and Fe are present in different phases of sediments (in the insoluble fraction and organic matter respectively). The Fe content of one of the cores is positively correlated with magnetic susceptibility.
Introduction
Geochemical studies of sediment cores are helpful in the assessment of pollution (Holm, 1988) , changes in climatic conditions (Faganelli, et al., 1987 and Amirnezhad, 2004) , rate of sedimentation (Karbassi, 1993) , etc. While many geochemical studies have been carried out on the surficial sediments of the western continental shelf of India, not many workers have studied sediment cores (Borole, et al., 1982; Dilli, 1986; Borole, 1988; Karbassi, et al., 1988 and Shankar, 1991) . Heat and suspended and dissolved substances are factors that can effect the dispersion of trace elements in the waters, and accumulation or mobilization of trace elements in the sediments of aquatic environment (Al-Masri, 2002 and Butman and Bothner, 1998) . Upward migration of trace metals may occur because of de-watering due to compaction and unidirectional ion migration, but, to a much greater extent, migration appears to be due to bacterial activity (Cline and Upchurch, 1973; Coker and shilts, 1979 and Karbassi, 1989 and 1996 . Most trace metals tend to enrich in the modern organic sediment relative to inorganic sediment . In the present investigation, bulk and partition geochemistry and magnetic susceptibility (Xm) of two sediment cores near Mangalore along the western continental shelf of India (Figure 1 ) have been studied to understand the geological history of the area, the geochemical nature of sediments deposited at different times and association of base metals with the various constituent phases of sediments.
Materials and Methods
Sediment cores (C2-MJ20 and C3-SM20) were collected from water depths of 20 m off Manjeshwar and Someshwar in 1984 with a Phleger type corer using a polythene tube inside the perspex liner (Shankar, 1988) . The sediments are brownish gray clayey silts deposited in the recent times. Shell fragments are present only from 14 to 50 cm. in core C2-MJ20 but absent in the other. Chemical partition studies were carried out in four sequential steps: 1) acetic acid 25% v/v; 2) acetic acid 25% v/ v-0.1M hydroxylamine hydrochloride; 3) 30% H 2 0 2 "extraction with 1M. ammonium acetate" and 4) hot 50% HCl (Chester and Hughes, 1967; Malo, 1977; Gibbs, 1973; Gupta and Chen, 1975) . Bulk elemental concentrations, calcium, loss on ignition (LOI) and Xm were determined and cluster analysis carried out as given in Shankar and Karbassi (1991) .
is about the same, though Ni and Co contents are higher in core C3-SM20 (Tables 1 and 2 ). The organic matter content is high (11 to 21%) because of the high sedimentation rate at the core stations that are located close to the coast and to river mouths. From the core bottom upwards, Zn content (in C2-MJ20) and Ni and Ca contents (in C3-SM20) increase whereas Al content decreases (in C3-SM20).These variations reflect a decrease/ decreasing importance of detrital component in the sediments with time (i.e., probably during the past few centuries). The other parameters do not show much down-core variations except at 20-22 cm. in C2-MJ20 and at 1-2 cm in C3-SM20. A. R. Karbassi and R. Shankar
Geochemistry of two sediment... Variations at these zones are due to the relative proportions of detrital and biogenic (calcareousshells) components as shown below: The 20-22 cm. zone (C2-MJ20) is characterized by high Ca content and therefore, by abundance of calcareous shells; because of dilution by calcareous shells, the metal contents are low. However, Pb content is high because it seems to be partially associated with calcareous shells. This is borne out by the high positive correlation between Ca and Pb (Table 3) and their clustering together (Figures 2 and 3 ). The 1-2 cm zone in C3-SM20, because of higher detrital input, has relatively low Ca and high metal contents except for Mn. The Mn content is low because it is partially associated with calcareous shells ( In core C2-MJ20, all the metals except Pb, are negatively correlated with Ca (Table 2) . Lead and Ca, in turn, are negatively correlated with Al, whereas Mn is mildly correlated and the other metals positively correlated with Al, thus showing the association of Pb with calcareous shells and that of other metals with detrital particles. Inter-parametric correlations for C3-SM20, however, show some differences: Except Pb and Mn, all the other metals are negatively correlated with Ca, though Ca-base metal correlation coefficients are not high when compared to C2-MJ20. Because of their positive correlation with Ca, Pb and Mn are thought to be associated with calcareous shells. Positive correla- with Al (and negative correlation with Ca) indicates that they are associated with detrital particles. partition studies (Figure 4a-4n) show that Cu, Ni and Co are neither present as adsorbed species nor are associated with calcareous shells, as they are not leached out in step 1. Copper and Zn are associated with organic matter and detrital phases of sediments to various degrees, but more with organic matter in core C2-MJ20. Nickel and Co are predominantly associated with the insoluble fraction and only smaller proportions are found in the organic matter and resistant fractions. Because about 21% of the total Pb content is leached out in step 1, and because of its positive correlation with Ca, it appears that this proportion of Pb is associated with calcareous shells and is not present as adsorbed species. The rest is present predominantly in organic matter and insoluble fraction and to a lesser extent in the resistant fraction. Iron and Mn (besides other metals) are not leached out by hydroxylamine hydrochloride in core C3-SM20 indicating the absence of Fe-Mn oxides/hydroxides, which is related to the anoxic conditions and high terrigenous input from the Netravathi river ( Figure 1 ). However, small proportions of Fe and Mn are present as oxides/hydroxides in core C2-MJ20. While Mn predominantly occurs in the insoluble fraction and to a smaller extent as adsorbed species and in organic matter and the resistant fraction, Fe is predominantly associated with organic matter and smaller proportions are present in the insoluble fraction and as adsorbed species. Geochemically, therefore, Fe and Mn are present in different phases of sediments. Although significant proportions of metals are removed in the H 2 0 2 leach, they are not significantly correlated with organic matter. Magnetic susceptibility was studied to know the correlation between Xm and Fe. Iron content correlates (0.51) with Xm in core C2-MJ20 but not in the other core. The lowest Xm value at 20-30 cm interval could be due to dilution by shells (Table1 and 2). 
Discussion and Conclusion
The geochemistry of cores studied reflects the high sedimentation rate in the near shore region. There appears to be a decrease in the detrital component in the past few centuries. The intra-and inter-core chemical composition is about the same, though Ni and Co contents are higher in core C3-SM20. The organic matter content is high (11 to 21%) because of the high sedimentation rate at the core stations that are located close to the coast and to river mouths. Calcareous shells act as diluents for most of the metals; however, Pb and Mn are associated with shells. Reducing conditions in the study area are reflected in the absence of Fe and Mn oxides /hydroxides. Iron and Mn are geochemically separated. The sediments have high Al and organic matter contents due to the high sedimentation rate and their proximity to river mouths. Down-core variations of elements indicate a decrease of lithogenous component during probably the past few centuries. While abundance of calcareous shells in some zones has lead to the dilution of most of the metals, it appears that Pb and Mn are associated with this phase. Copper, Zn and Fe are associated with organic matter and detrital particles, whereas Ni and Co are predominantly associated with the insoluble fraction. Oxides/ hydroxides of Fe and Mn are absent because of the reducing conditions and the high terrigenous influx. In core C2-MJ20, all the metals except Pb, are negatively correlated with Ca. Lead and Ca, in turn, are negatively correlated with Al, whereas Mn is mildly correlated and the other metals positively correlated with Al, thus showing the association of Pb with calcareous shells and that of other metals with detrital particles. 
